1. You are called to see a patient who has been involved in a motor vehicle collision. He was the restrained driver of a vehicle that crashed into a tree on a country road at approximately 70mph.
He was walking at the scene but the ambulance crew have instituted spinal precautions on the basis of the mechanism of injury. His respiratory rate, pulse and BP are all within normal limits. Secondary survey reveals that he has a transverse linear contusion across his lower abdomen just below the level of the umbilicus (see Figure 1 ), and some lower abdominal tenderness to palpation.
a. What are your priorities in management? b. What pattern of injury would you be particularly concerned about? c. How would you exclude this injury? 2. You are involved in the resuscitation of a patient with multi-system injuries resulting from a motorbike accident. After the initial phase of resuscitation his core temperature is 35 o C. Arterial blood gas analysis shows his pH is 7.22 with a base deficit of 12. By this stage he has had two litres of crystalloid, and is receiving his sixth unit of packed red cells. 
Discussion
Trauma teaching rightly concentrates on detection of intra-abdominal haemorrhage as the primary concern when assessing abdominal injuries, but this is sometimes at the expense of suspicion of injury to a hollow viscus. Several mechanisms may contribute to intra-abdominal injury during motor vehicle crashes, including acceleration or deceleration shear stresses and compression of the abdominal contents by external forces such as a seatbelt. Damage to hollow organs can occur directly or as a result of increased pressure within the abdominal cavity (1).
The seatbelt syndrome was first described by Garrett and Braunstein in 1962 (2) and describes rapid deceleration and flexion of the upper torso around the lap portion of the seatbelt, producing compression of the bowel against the spine. The classic sign is bruising over the lower abdomen corresponding to the position of the lap belt. It is associated with lumbar spine (Chance) fractures.
Hollow viscus injury is often difficult to diagnose, and relies on the clinician suspecting that it may be present. Given an appropriate mechanism of injury, repeated clinical examination is the usual method of assessment, but this needs to be augmented by further investigation as necessary. 
The lethal triad is a term given to the combination of hypothermia, acidosis and coagulopathy, each of which contributes to the other (Figure 3 ). This can become apparent early in the management course of the trauma patient. The multiply injured patient is often in a state of oxygen debt as a result of hypoperfusion, made worse if hypothermia reduces the ability of haemoglobin to release oxygen to the tissues. This contributes to metabolic http://jramc.bmj.com/ derangement with metabolic (lactic) acidosis being the result. Hypothermia also contributes to a reduction in coagulation cascade enzyme activity with a significantly prolonged prothrombin time and activated partial thromboplastin time at temperatures <35°C, with a concomitant reduction in platelet function (3) . This is exacerbated by haemodilution that results from infusion of large quantities of crystalloid during resuscitation. Continued bleeding results in hypoperfusion and further heat loss, worsening the acidosis and hypothermia (4, 5) .
This cycle can best be prevented by keeping the trauma patient warm, optimising oxygenation and perfusion, stopping haemorrhage, and in the presence of coagulopathy replacement of platelets and clotting factors. Controlling E (environment) is of paramount importance and some trauma centres in the USA go as far as keeping their resuscitation rooms at body temperature to reduce the possibility of inducing hypothermia.
The concept of damage control surgery to facilitate this phase of resuscitation has become accepted standard of care, where control of haemorrhage and limitation of contamination are the priorities rather than prolonged definitive organ repair (6,7).
Question 3
a. Primary and secondary surveys are complete but no radiology done yet. Needs chest X-ray. Priority is to rule out significant intra-abdominal or intra-thoracic injury. b. Risk of occult diaphragmatic injury in anterior stab wounds not requiring surgery for other reasons estimated at 7% (8). c. Options are repeated clinical examination, local wound exploration, diagnostic peritoneal lavage (DPL), laparoscopy or exploratory laparotomy. Protocol will depend on the local expertise and facilities available. d. There is a role for triple contrast computed tomography (CT) in risk-stratifying back and flank stab wounds.
Discussion
The management decisions involved in assessing patients with abdominal stab wounds are often made easier if there is haemodynamic instability, as this group of patients require surgery and haemorrhage control. However, in patients who are haemodynamically normal, with no signs of peritonism or evisceration, the dilemma is how to exclude significant injury while exposing the patient to minimal risk from invasive procedures; in the past most of these patients were subjected to exploratory laparotomies to look for intra-abdominal injury.
The first option is serial physical examination, which has had some success (9), although it is labour intensive and not usually practical in a busy hospital setting. It is unreliable if the patient is intoxicated, has a reduced conscious level, or is less than fully cooperative. Next is local wound exploration, to establish whether the anterior abdominal fascia has been breached (10) .This procedure depends on the expertise of the operator, and in experienced hands can exclude the need for further investigation. If the fascia has been breached, further investigation is needed to further evaluate the extent of injury.This could be in the form of a DPL which, if positive, should prompt exploration at laparotomy (11) . If negative, the patient can be observed. The exact algorithm for management of these patients needs to be agreed locally and will depend on the expertise and resources available. Cameron et al. have devised an example (12) .
In thoracoabdominal wounds a diaphragmatic injury should be suspected and excluded by either laparoscopy or thoracoscopy. Stab wounds to the flank and back may injure structures within the retroperitoneum that will not be initially apparent on clinical examination. Triple contrast CT is useful to evaluate these structures and dictate the need for further intervention (13, 14) .
Question 4
a. Assessment and treatment of ABCDE:
• Airway -needs endotracheal intubation with cervical spine immobilisation • Breathing -check for evidence of lifethreatening chest problems while giving high flow oxygen • Circulation -needs intravenous cannulation and administration of fluid to maintain reasonable mean arterial pressure, along with control of bleeding from scalp laceration • Disability -assess GCS (E1V2M5 = 8), pupils and gross peripheral neurology • Exposure and environment -fully expose to do full secondary survey and assess for other injuries, while controlling environment and preventing hypothermia b. Prevent the causes of secondary brain injury (see Table 1 ). c. Seek advice from local neurosurgical centre (see discussion). d. Not currently recommended. Awaiting results of CRASH trial. 
Discussion
During the primary and secondary surveys, and following this phase of resuscitation, priorities in head injury management should be control of those factors that contribute to secondary brain injury. The only way to prevent primary insults are primary preventative measures such as legislation and education. Secondary brain injury, the causes of which are listed in Table 1 , can be prevented by control of ventilation and cerebral perfusion, and prompt treatment of seizure activity. The essence of this is maintenance of an adequate cerebral perfusion pressure (CPP), described by the equation -CPP = mean arterial pressure (MAP)intracranial pressure (ICP).
CPP can, therefore, be maintained by manipulation of MAP (ensuring adequate blood pressure by intravenous fluids and the use of inotropes) and control of ICP, which can be reduced in several ways. Simple procedures such as nursing the patient 30 degrees head up and ensuring that a cervical collar is not obstructing venous return have been shown to effect ICP. To optimise oxygenation and ventilation it is often necessary to intubate and mechanically ventilate the patient to achieve a PaCO 2 at the low end of normal range. The idea that intracranial pressure can be reduced by hyperventilation (causing cerebral vasoconstriction, therefore, reducing the amount of intravascular blood within the cranium) neglected the fact that hypocarbia, in producing cerebral vasoconstriction, also reduces cerebral perfusion and, therefore, oxygenation. One study examining cellular mediators of injury in ventilated head injury patients found increased levels of these cytokines in patients who were hyperventilated, suggesting more cellular damage in patients when the PaCO 2 is lower than the normal range (15) .
Mannitol is an osmotic diuretic used to reduce ICP by drawing fluid from the interstitial space into the intravascular compartment. It can be either used as a slow bolus, or as an infusion. A recent Cochrane review concluded that high dose mannitol is better than standard dose (1.4g/kg v 0.7g/kg), it may buy time preoperatively for defined lesions that are amenable to neurosurgical drainage, but there is no evidence about infusion for patients with non-operable pathology (e.g. diffuse axonal injury) (16) . In practice it should be given on the advice of the local neurosurgical referral unit.
The results of the Medical Research Council Corticosteroid Randomization after Significant Head injury (CRASH) trial are eagerly awaited, but steroids are not currently recommended for these patients.
Question 5
a. Primary and secondary survey, treat any co-existing life threatening conditions. If aortic injury is present control of blood pressure is mandatory prior to definitive repair. b. Aortic injury. c. Either CT angiography or arch aortogram, depending on local expertise.
Discussion
This particular mechanism of injury (lateral impact MVC) is associated with a high risk of traumatic aortic injury. This is due to the sudden lateral shear force applied to the mobile aortic arch in relation to the relatively immobile descending aorta (fixed by the ligamentum arteriosum), and results in most aortic injuries occurring at the proximal descending aorta (17, 18) . In one retrospective review half of patients with traumatic aortic rupture were the victims of lateral impact MVCs (19) . This injury results in a significant number of deaths following high energy trauma, a large proportion of which occur at the accident scene. Those who survive to be assessed in the Emergency Department usually have contained aortic haemorrhage from a partial thickness tear, and need to have rapid identification of other injuries and control of co-existing haemorrhage. The use of anti-hypertensive agents to control blood pressure lessens the risk of rupture prior to definitive repair (20) .
The first sign that there may be aortic injury is usually an abnormal chest X-ray. Abnormalities suggesting aortic injury include widening of the mediastinum (>8cm at the level of the aortic arch), depression of the left mainstem bronchus, an apical pleural cap (haematoma), or abnormal deviation of the nasogastric tube.
Further investigation may include CT, arch aortogram, or both. The accepted gold standard investigation historically has been the aortogram, although newer CT technology has improved the sensitivity of this investigation to close to 100% (20, 21) , and this is often used as a screening test if facilities are available.
